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1.1. Listeria monocytogenes 
Listeria monocytogenes is a major foodborne pathogen. L. 
monocytogenes generally enters the host during the consumption of 
contaminated food. It has been the cause of numerous sporadic illnesses and 
associated with high mortality rates in large outbreaks (Messina et al., 1988). 
Historically, Murray et al. (1926) were credited with the discovery of a small 
Gram–positive bacillus from the blood of infected rabbits in 1924. The word 
‘monocytum’ refers to a blood cell ‘monocyte’ and monocytogenes means 
monocyte-producing. Since it produced a typical monocytosis during illness in the 
diseased animal, the organism was designated as Bacterium monocytogenes. 
Pirie (1940) isolated an organism from a gerbille (an African jumping mouse) that 
was very similar to the bacterium described by Murray et al. (1926) and named it 
Listerella hepatolytica in honor of Lord Lister, an English surgeon and the 
discoverer of antisepsis (Doyle, 1989). In 1939, it was discovered that the 
generic name Listerella had already been used for a group of slime molds in 
1906. The proposed name was changed by Pirie (1940) from Listerella 
monocytogenes to Listeria monocytogenes, and approved later in 1954 by the 
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Judicial Commission on Bacteriological Nomenclature and Taxonomy (Ryser and 
Marth, 1991). 
During the 1960’s most of the listeriosis research in the United States was 
done on animals by M. L. Gray and his associates (Doyle, 1989). By 1985, eight 
species of listeria were recognized in the Approved Lists of Bacterial Names. 
They are L. monocytogenes, L. seeligeri, L. ivanovii, L. innocua, L. welshimeri, L. 
denitrificans, L. murrayi, and L. grayi (Ryser and Marth, 1991). Although we can 
find these eight species of Listeria in the ninth edition of Bergey’s Manual of 
Systematic Bacteriology, L. grayi and L. murrayi were considered for 
reclassification and placed in a newly created genus Murraya. L. denitrificans has 
been reclassified as Jonesia denitrificans. Studies using DNA/DNA hybridization 
technologies have shown that the degree of relatedness between L. denitrificans 
and other Listeria spp. was low and used as justification for the change (Ryser 
and Marth, 1991). 
 
1. 1. 1. Organism characteristics 
L. monocytogenes can be found in soil, silage, plants, and water and can 
be isolated from numerous species of domestic and wild animals. It is 
characterized as small, short diphtheroid-like coccoid rods, 0.4-0.5 µm in 
diameter and 0.5-2.0 µm in length with rounded ends. It is a Gram-positive, non-
sporeforming, non-acidfast, and pleomorphic bacterium. This organism is motile 
by peritrichous flagella when grown at 20-25ºC. Only a few flagella can be found 
at 37ºC. The characteristic of motility has also been useful in identifying the 
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organism (Doyle, 1989). L. monocytogenes is a facultative intracellular anaerobe, 
catalase-positive, oxidase-negative, and is beta-hemolytic. L. monocytogenes 
does not require CO2 for growth, but the growth is enhanced with 5-10% CO2.
This organism can grow well on media in the pH range of 5.0 to 9.0. After 24 hrs 
of incubation at 37ºC on solid medium such as nutrient agar, colonies are 
characterized as round, translucent, slightly raised with a finely textured surface, 
watery in consistency, dew-drop-like and bluish when viewed under normal 
illumination (Ryser and Marth, 1991). L. monocytogenes is a psychotropic 
organism with an optimum growth temperature of 30-37ºC, but has the ability to 
grow at a wide range of temperatures from 1-45ºC (Gray, 1960). L. 
monocytogenes is known to survive under various conditions of refrigeration, 
freezing, heating, and drying, which provides difficulties for the food industry 
(CFSAN, 2003). 
 
1. 1. 2. Listeriosis 
The consumption of either food or water contaminated with pathogenic 
microorganisms, microbial toxins, chemicals, or naturally occurring plant or 
animal toxins may result in a foodborne disease syndrome. Listeriosis is the 
common name given to the general group of disorders caused by the bacterium 
L. monocytogenes. Even though the concept of listeriosis as a foodborne illness 
was first suggested by Murray et al. (1926), the ingestion and penetration of L. 
monocytogenes in the gastrointestinal tract is one of the means by which 
listeriosis can occur (Doyle, 1989). People with underlying illnesses or the elderly 
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with weakened immune systems are more prone to listeriosis, which is a life-
threatening foodborne disease. Immuno-suppressed individuals, pregnant 
women, fetuses and neonates are most susceptible to Listeria infection (CDC, 
2002). Human listeriosis is characterized by high mortality rates, with clinical 
features that include mild influenza-like symptoms, encephalitis, meningitis, fatal 
bacteremia, puerperal sepsis, and a flu-like illness during pregnancy (Schlech, 
1996). It can also cause miscarriages, stillbirths, preterm labor by cross-placenta 
and utero-fetal infection (Mclauchlin, 1996). The clinical symptoms associated 
with L. monocytogenes were listed in Table 1. The initial symptoms are often 
fever, muscle aches, and sometimes gastrointestinal symptoms such as nausea 
or diarrhea. In addition to oral infection, there is evidence that L. monocytogenes 
may infect humans and animals by ocular, cutaneous, respiratory, or urogenital 
routes (Seeliger and Jones, 1993). However, the minimum infectious dose of L. 
monocytogens is currently unknown (NACMCF, 2003). 
 
Table1. Clinical syndromes associated with L. monocytogenes (Schlech, 1996).
Meningitis                Osteomyelitis 
Meningoencephalitis         Endocarditis 
Brain abscess              Hepatitis 
Rhombencephalitis         Liver abscess 
Bacteremia               Cholecystitis 
Endocarditis               Diarrhea (with foodborne outbreaks)
Spontaneous bacterial Peritonitis  Cutaneous infections (In animal 
workers) 
Pneumonia              Endopthalmitis 
Septic arthritis 
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1. 1. 3. Outbreaks and spread of listeriosis 
The Centers for Disease Control & Prevention (CDC, 2000) estimated that 
each year 76 million people get sick, more than 300,000 are hospitalized, and 
5,000 die as a result of foodborne illness. Along with the health impact, 
foodborne illnesses have an economic impact estimated at 5 billion U.S. dollars 
(Altekruse et al., 1997). 
Although foodborne listeriosis is rare, the associated mortality rate is 
higher among those that are most at-risk. The CDC (2003) estimated that there is 
about 2500 cases of listeriosis and 500 deaths annually in the United States. 
During the period of 1998-1999 most of the outbreaks in the US involved 
consumption of hotdogs with 101 cases of illness and 21 deaths (Donnelly, 
2001). Because of serious health consequences, L. monocytogenes has been 
recognized as an important public health problem and has elicited a worldwide 
response from various sectors including food industries, health agencies, and 
government bodies with the aim of detecting and controlling infections caused by 
the presence of L. monocytogenes in food (CDC, 2003).  
Several outbreaks of listeriosis have been reported in last few years due 
to consumption of Listeria-contaminated foods. Outbreaks of listeriosis have also 
occurred worldwide. In a study conducted in Northern Ireland, the occurrence of 
Listeria was determined both qualitatively and quantitatively on 513 selected food 
samples produced over one year at the point of dispatch from various 
processors. According to this data, L. innocua, L. monocytogenes, L. seeligeri 
and L. welshimeri were the most frequently isolated species (CDC, 2004). Moura 
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et al. (1993) studied the incidence of Listeria spp. in raw and pasteurized milk 
from a Brazilian dairy plant and identified milk samples positive for Listeria spp. 
Although the largest outbreaks of human listeriosis have initially involved dairy 
products, numerous recent cases of listeriosis have been linked to meat products 
(Farber and Peterkin, 1991).  
Six major outbreaks occurred in North America between 1979 -1999. The 
first outbreak was observed in 1979, at least 23 were hospitalized because of 
consumption of L. monocytogenes contaminated lettuce, carrots, and radishes in 
Boston, MA. The second outbreak was in 1981 in the Maritime Provinces of 
Canada. This outbreak involved 41 cases and 17 deaths due to the consumption 
of contaminated coleslaw. And the third outbreak was in Massachusetts in 1983 
with a case-fatality rate of 29% associated with contaminated whole and 2% milk. 
The next outbreak occurred in 1985 in Southern California and Mexican style 
cheese was implicated as the vehicle of infection (Donnelly, 2001).  In one 
outbreak twenty-five environmental samples from a poultry processing plant in 
Pennsylvania yielded L. monocytogenes resulting in a voluntarily recall of 27.4 
million lbs of fresh and frozen ready-to-eat turkey and chicken products on 
October 12, 2002 (CDC, 2002).  
Several major foodborne outbreaks have been documented in North 
America and Europe. The incidence of L. monocytogenes in RTE foods can 
range from 1-10% (Farber et al., 1996). Another possible high-risk food was 
vacuum-packed gravad and cold smoked rainbow trout/salmon, which are 
excellent mediums for the growth of L. monocytogenes. Reports have shown that 
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the occurrence of L. monocytogenes in gravid rainbow trout/salmon was 21-27% 
and in cold-smoked products were 11-14% (Tham et al., 2000). By combining the 
data from all of the outbreaks, 92.4% of the cases were related to the 
consumption of contaminated meat and dairy products. Meat ranked first 
followed by dairy products, produce and seafood (Table 3). Outbreaks of 
listeriosis in the United States between 1970 and 2002 were listed in the table 2. 
The reason for the high prevalence of L. monocytogenes in different kinds 
of foods is partly attributed to its extended distribution in the environment and 
specific growth conditions, changing human demographics and behavior, and the 
breakdown of public health measures (Altekruse et al., 1997). Long shelf-life 
products such as RTE (ready-to-eat) products may also allow growth of L. 
monocytogens during storage (Vitas et al., 2004). 
 
Table 2. Outbreaks of listeriosis in the United States (1970-2002) with known food vehicle(s) (CFSAN, 2001)





(% of Total) Serotype Reference
1979 Raw Vegetables orCheese MA 20 0(0) 3(15.0) 4b Ho, 1986
1983 Pasteurized Milk MA 32 7(21.9) 14(43.8) 4b Fleming, 1985
1985 Mexican-StyleCheese(raw milk) CA 142 93(65.5) 48(33.8) 4b Linnan, 1988
1986-1987 Ice Cream, Salami, BrieCheese PA 36 4(11.1) 16(44.4)
4b, 1/2b,
1/2a Schwartz, 1989
1986-1987 Raw Eggs CA 2 Unknown Unknown 4b Schwartz, 1988
1987 Butter CA 11 Unknown Unknown Unknown Ryser, 1999a
Not Specified Frozen Vegetables TX 7 3(42.9) Unknown 4b Simpson, 1996
1998-1999 Hotdogs, Deli Meats 22 States 101 Unknown 21(20.8) 4b Mead, 1999
1999 Pate CT,MD,NY 11 2(18.2) Unknown 1/2a Carter, 2000
2000 Deli Turkey Meat 10 States 29 8(27.6) 7(24.1) Unknown CDC, 2000b
2000-2001 Homemade MexicanStyle Cheese (raw milk) NC 12 10(83.3) 5(41.7) Unknown CDC, 2001








1. 2. Listeria significance in RTE Foods 
 
1. 2.1. Properties of L. monocytogenes in relation to food and food 
processing 
 
The definition of RTE foods was given by FSIS (2003) as “RTE meat and 
poultry products are products that are in a form that is edible without additional 
preparation to achieve food safety and may receive additional preparation for 
palatability or aesthetic, gastronomic, or culinary purposes”. In order to protect 
human health, emphasis should be given on prevention and elimination of this 
pathogen from RTE meat and meat products because there is no cooking 
necessary before consumption. It is very difficult to completely eliminate L. 
monocytogenes from food production facilities as it has the ability to grow in 
many different processing environments. L. monocytogenes can grow in foods 
Table 3. A comparative ranking of types of food group vehicles by number of            
outbreaks and number of cases in United States (CFSAN, 2001). 
 
Ranking Order by 
the Number of 
Outbreaks or 
Cases Type of Food Vehicle 
Outbreaks Cases
Dairy 1 2 
Meat 2 1 
Seafood 4 4 
Produce 3 3 
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even after packaging because it is a facultative anaerobe (Buchanan et al., 
1989). Outbreaks and sporadic cases are predominantly associated with RTE 
foods. It has the ability to grow at refrigeration temperatures as low as 0.5°C and 
can even survive freezing (Seeliger and Jones, 1986; Junttila et al., 1988). The 
growth temperature for Listeria is between 1-45ºC but optimal growth occurs 
between 30 and 37ºC (Ryser and Marth, 1991). Temperatures above 45ºC limit 
the growth of L. monocytogenes and it is destroyed by pasteurization at 71.6 ºC 
in 15 mins (Petran and Zottala, 1989; Lou and Yousef, 1999). However, the 
organism can multiply due to re-contamination of food after heat treatment 
followed by temperature abuse (Buncic et al., 1990; Zaika et al., 1989). It has 
been shown that cold-smoking can eliminate L. monocytogenes between 17.1 to 
21.1ºC, whereas the survival of this bacterium has been observed at 
temperatures from 22.2 ºC to 30 ºC (Liv, 2000). The incidence of L. 
monocytogenes increases after chilling and cutting of meat products. Food 
products that are highly processed, having extended shelf-life at refrigeration 
temperatures are capable of supporting the growth of L. monocytogenes and 
foods that were consumed without further cooking are most associated with the 
transmission of this organism. L. monocytogenes has the ability to grow in a wide 
variety of processing environments, this property and tolerance to common 
preservation agents makes L. monocytogenes a particular concern as a 
contaminant during processing (Mclauchlin, 1996). Contamination can occur 
even during the very last step of processing, such as packaging (Tham et al., 
2000). 
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 A 15.5% incidence level of L. monocytogenes was found in RTE chicken and 
turkey products as reported by Rijpens et al. (1996). In 1993, Wang et al reported 
that the incidence of this pathogen in one brand of deli turkey meat products was 
as high as 71%. Deli turkey meat from one large processor caused twenty nine 
illnesses, including four deaths and three miscarriages/stillbirths due to 
contamination with L. monocytogenes (CDC, 2000).
Based on the strategies given by the National Advisory Committee on 
Microbiological Criteria for foods (NACMCF, 1991), the most effective method for 
controlling L. monocytogenes is implementation of the Hazard Analysis Critical 
Control Point system (HACCP) and process control strategies 
 
1. 2. 2. Prevalence of L. monocytogenes in raw materials 
In terms of food safety, the detection of L. monocytogenes in meat is very 
important.  L. monocytogenes can grow on both raw and cooked meat and even 
at refrigeration temperatures. On the other hand, during processing of raw meat 
into meat products L. monocytogenes can be introduced into the environment 
where RTE product is produced. The extent of cross-contamination largely 
depends on the training of personnel and on general hygienic measures as much 
as on the food processing parameters (Yucel et al., 2005). There is a chance of 
finding multiple clonal types of L. monocytogenes on contaminated products from 
a single processing plant (Tham et al., 2000). 
The prevalence of L. monocytogenes in 13 dried sausage processing 
plants and their products was studied by Thevenot et al. (2005) and reported that 
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71.6% of collected samples were shown positive for the presence of L. 
monocytogenes. In that, 15% were positive before the beginning of the working 
day and 47.3% during working day. However, a decrease in the contamination 
rate was observed during the drying stage. Even if the contamination rate is 
usually low, manufactures have to follow the regulations requiring a zero-
tolerance for L. monocytogenes on RTE meats. 
Although dairy products have been a major source of contamination, raw 
or re-contaminated products of animal or vegetable origin may serve as the 
vehicle of transmission for this pathogen (Yucel et al., 2005). Live animals are 
known to harbor L. monocytogenes in feces and are considered as a source of 
contamination during slaughter (Buncic, 1991). The main place where L. 
monocytogenes can originate might be a primary production step, that is, farm 
where domestic animals were raised. Many investigations were undertaken to 
examine the prevalence of L. monocytogenes in fecal samples from cattle. In a 
study done by Skovgaard and Morgen (1988) they isolated L. monocytogenes 
from silage and alkalized straw in 62% and 67% of investigated samples and the 
frequency of L. monocytogenes in cattle feces was 52%. And they also collected 
67 samples of minced beef from retail stores and reported that the 28% of the 
samples tested showed the presence of L. monocytogenes. 
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1. 3. Factors affecting growth and survival of L. monocytogenes. 
1. 3. 1. Temperature 
High mortality rates associated with L. monocytogenes are mainly 
observed with young, old, pregnant women and immuo-compromised patients 
(Dykes, 2003). Several listeriosis cases were reported from consumption of raw, 
inadequately heated, or re-contaminated cooked foods. In order to avoid 
listeriosis and to ensure food safety in the RTE meat and poultry products it is 
very important for the processed meat industry to evaluate their processes to 
meet lethality performance standards (Murphy et al., 2004).   
L. monocytogenes can grow at wide range of temperature (3 ˚C to 45˚C) 
and the optimum growth temperature is between 30˚C and 37˚C under laboratory 
conditions (Petran and Zottola, 1989). Many factors influence the heat resistance 
of L. monocytogenes including time and temperature of incubation or the 
formation of a thermostable membrane resulting in increased thermotolerance 
and expression of heat shock proteins. Heat shock proteins are set of proteins 
synthesized by microorganisms when they are exposed to sublethal 
temperatures. These heat shock proteins protect organisms from the toxic effects 
of heat and other stresses. Heat shock increases the heat resistance capacity of 
microorganisms (Knabel et al., 1990). A study done by Farber and Brown (1990), 
demonstrated that the optimum temperature for inducing heat tolerance of L. 
monocytogenes was between 44°C and 48°C. Obtaining thermotolerance 
depends on the temperature that the heat shock is done, the physiological state 
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of the cells and the incubation temperature of the cells (Lindquist, 1986). An 
increased thermotolerance in L. monocytogenes was observed in cells which had 
been heat shocked in broth at 43°C for 5, 30, or 60 mins (Knabel et al., 1990). 
The possible explanation for the incidence of L. monocytogenes in the 
RTE products is the survival of L. monocytogenes to the initial cooking process, 
post-process contamination and recuperation and growth of injured L. 
monocytogenes during storage (Bersot et al., 2001). Cooking the product to an 
internal temperature of 70°C for 2 minutes is adequate to destroy L. 
monocytogenes (Mackey and Bratchell, 1989). Bersot et al. (2001) also showed 
that cooking the product to an internal temperature of 74°C and a careful 
handling and storage eliminates microorganisms including the L. 
monocytogenes. 
In solidly frozen foodstuff microbial growth not is possible, although some 
organisms can grow at refrigeration temperatures. In general L. monocytogenes 
is a psychrophile thought to have enzymes which are active at low temperature 
and which have high concentration of unsaturated fatty acids in the cell 
membrane which protects the cell from freezing. The psychrotrophic properties of 
L. monocytogenes are dependent on the structural integrity of the cell and 
metabolism at low temperature is stimulated by a cold-resistant sugar transport 
system. Low temperature has been described to increase the production or 
inactivation of an extracellular hemolysin and also the virulence of L. 
monocytogenes (Junttila et al., 1988). 
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1. 3. 2. pH 
 L. monocytogenes grows best in the pH range 4.1 to 9.6 with optimal growth 
occurring at neutral to slightly alkaline pH values (Seeliger et al., 1987). The 
exact minimum pH that allows the growth of L. monocytogenes is not clear But 
the factors such as temperature of incubation, nutrient composition of growth 
substrate, water activity and presence and amount of NaCl and other salts or 
inhibitors play a role in deciding minimum growth pH of a bacterium. At pH 4.5 
growth of four strains of L. monocytogenes was observed when incubated at 
30˚C for 30 days, but no growth was observed at pH 4.0 or lower (James, 2000). 
Konstantinos et al. (2004) demonstrated that the minimum pH that permits the 
growth of L. monocytogenes in tryptic soy broth or on tryptic soy agar was 4.45 
and 5.10 respectively. Even restriction of oxygen can enhance the growth of this 
organism at pH 4.5. The minimum growth of L. monocytogenes was observed at 
pH 4.66 in 60 days at 30˚C, pH 4.83 at 10˚C, but no growth at 5˚C at pH 5.13. 
The pH is also affected by various acids. At the same pH, the antimicrobial 
activity of different acids are as follows, acetic acid > lactic acid > citric acid > 
malic acid > HCl (James, 2000).   The ability of L. monocytogenes strains to grow 
on bologna and summer sausages under the same water activity with different 
pH (higher in bologna than summer sausage) was studied by Dykes (2003) and 
demonstrated that the ability of L. monocytogenes on bologna and inability to 
grow on summer sausage under similar storage conditions. This parameter (pH) 
was the major intrinsic factor preventing the growth of L. monocytogenes on 
summer sausage or comparable products. 
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1. 3. 3. Water activity (aw)
Another important mechanism that is responsible for slowing the growth 
rate of microorganisms is related to the microenvironment surrounding growing 
colonies. Apart from temperature, pH, and other factors including food structure, 
microbial interaction, physiological state of the cell, and inoculum size, the growth 
of L. monocytogenes is also affected by water activity (aw). Unlike many other 
pathogens it has the ability to grow at low water activity (Konstantinos et al., 
2004). The minimum water activity that permits the growth of L. monocytogenes 
was determined by using three humectants (glycerol, sucrose, and NaCl) and 
brain heart infusion (BHI) at 30˚C of incubation, and found that the serotypes 1, 
3a, and 4b of L. monocytogenes grow at Aw of 0.90 with glycerol, 0.93 with 
sucrose, and 0.92 with NaCl. In tryptic soy broth with a pH 6.8 at 30˚C incubation 
the minimum Aw that permits the growth of L. monocytogenes was 0.92 (James, 
2000). Survival of L. monocytogenes was observed but it did not grow at 4˚C with 
a water activity of 0.79-0.86 (Johnson et al., 1988). The exceptional 
characteristics of L. monocytogenes to grow at low water activity, provides it with 
a perfect environment to survive and multiply in ready-to-eat meat products.  
 
1. 3. 4. Atmosphere 
L. monocytogenes can grow irrespective of the presence or absence of 
oxygen. It is a facultative anaerobe. However, it has been observed that this 
organism’s growth is enhanced in an atmosphere containing 5-10% CO2. One of 
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the major concerns in the food industry is that L. monocytogenes has the ability 
to grow in vacuum-packaged temperature-abused atmospheres. Modified 
atmosphere packaging (MAP) methods have been examined as a possible 
control for growth and survival of this pathogen. The gasses used in MAP are 
most often combination of oxygen (O2), nitrogen (N2), and carbon dioxide (CO2). 
A modified high-CO2 packaging atmosphere has recently depicted a reduced 
growth trend of this pathogen in food products. The bacteriostatic effect is 
obtained by the combination of decreased O2 and increased CO2 dissolved in the 
water phase of a food matrix (Jydegaard-Axelsen et al., 2004). Inhibition of L. 
monocytogenes was observed in turkey roll slices that were packed in an 
atmosphere containing 70% CO2 and 30% N2 (Farber and Daley, 1994). 
1. 4. Government regulations 
Approximately 6.5-8.1 million cases of diarrheal diseases and 9000 deaths 
occur annually in USA due to the foodborne pathogens such as Salmonella, 
Campylobacter Jejunii, E. Coli O157:H7, Y. Enterocolitica and L. monocytogenes 
including certain parasites. These pathogens are not only causing diseases, 
infections, and much human suffering but also affecting the economy by lowering 
productivity, increasing medical costs, litigation and loss of business for the food 
industry (FSIS, 2004).  
During 1980’s L. monocytogenes became as a foodborne pathogen of 
public concern. In the 1990’s, state health departments and the CDC investigated 
an outbreak of foodborne illness in which hotdogs, and possibly deli (luncheon) 
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meats, were implicated and they found the same strain of L. monocytogenes 
from both an opened and previously unopened package of hotdogs 
manufactured by a single plant. There were 101 illnesses, 15 adult deaths, and 6 
stillbirths or miscarriages were associated with this outbreak.  
Based on the information from different outbreaks, combined with other 
food safety investigations, it is understood that lack of control measures such as 
an appropriate HACCP (Hazard Analysis Critical Control Point) plan and 
Sanitation Standard Operating Procedures (Sanitation SOP) in food processing 
industries (FSIS, 2004) are the major responsible factors for outbreaks of 
listeriosis. The fatalities associated with this organism prompted FDA and FSIS 
(Food Safety and Inspection Service) of the U.S. Department of Agriculture to 
establish zero tolerance for this pathogen in RTE foods, because the infective 
dose is still unknown. In May 1999, FSIS established strategies and directives for 
controlling L. monocytogenes in RTE meat products (FSIS, 1999). 
According to the FSIS Directive: 10,240.3 (Anonymous, 2002), instructions 
are given to specially trained people on when to sample ready-to-eat meat and 
poultry products produced in processing establishments. The products are 
divided into three categories such as high, medium, and low risk RTE meat 
products. High and medium risk products includes deli-type (which are not sliced 
in the establishment or will be sliced at retail), hot-dog type products, and deli-
and hotdog-type products have not been formulated or not produced and 
distributed under conditions validated to prevent the growth of L. 
monocytogenes. Low risk products include deli-type products (which are sliced in 
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the establishment or will be sliced at retail), and hotdog type products that have 
been formulated or are produced and distributed under conditions that validate to 
prevent the growth of L. monocytogenes. The main purpose of this directive is to 
produce safe, wholesome food and to control L. monocytogenes. 
To make it a most effective strategy to control L. monocytogenes, FSIS 
also established three alternatives. The alternative one includes, employing both 
post-lethality treatments to control L. monocytogenes and growth inhibitor which 
suppresses the growth of microorganism on RTE meat and poultry products. The 
main reason in using antimicrobials is that if L. monocytogenes survives the post-
lethality treatment, then the antimicrobial can prevent its further growth on the 
finished product. Alternative two includes employing either a post-lethality 
treatment or a growth inhibitor for L. monocytogenes on RTE meat and poultry 
products. Finally the third alternative includes employing only sanitation 
measures to control L. monocytogenes. The incentives for processors to 
accommodate the additional efforts involved with alternative 2 or 1, is less 
product sample testing (Anonymous, 2003; FSIS, 2004). Present research along 
with risk assessment programs will help in preventing L. monocytogenes in RTE 
products and reduce the number of illness caused by this organism. USDA recall 
classifications are shown in the table 4. 
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Table 4. USDA Recall Classification. (FSIS, 2002) 
 
Class I This is a health hazard situation where there is a reasonable 
probability that the use of the product will cause serious, adverse 
health consequences or death. 
 
Class II This is a health hazard situation where there is a remote probability 
of adverse health consequences from the use of the product. 
 
Class III This is a situation where the use of the product will not cause 
adverse health consequences 
 
1. 5. Effectiveness of inhibitory compounds in inhibiting the growth of L.  
monocytogenes 
 
1. 5. 1. Chemical preservatives 
The important function of preservatives is to kill, delay, or prevent the 
growth of microorganisms (Gould, 1996). Reduction of the losses attributed by 
spoilage organisms such as L. monocytogenes increase the productivity by 
improving the shelf life of the product. Several outbreaks on listeriosis increased 
the need to know more information about intrinsic factors (atmosphere, Aw, pH) of 
the food and environmental parameters that influences the growth of L. 
monocytogenes in contaminated foods (Razavilar and Genigeorgis, 1998).  
In recent years additives have been used not only as preservatives but 
also as color and water retention enhancers (Lemay et al., 2002). Preservatives 
are defined by Adams and Moss (2000) as “substances capable of inhibiting, 
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retarding or arresting the growth of microorganisms or of any deterioration 
resulting from their presence or of making the evidence of any such 
deterioration”. Preservatives can kill the target organism (bactericidal) or can 
simply prevent their growth which means bacteriostatic. Adams and Moss (2000) 
said that adding lower concentrations of preservatives tend to act as 
bacteriostatic and use of higher concentrations of preservatives is now more 
restricted and controlled. For this reason, chemical preservatives are useful to 
control low levels of contamination.  
Even though sulfurdioxide (SO2) has disinfecting properties, it has the 
ability to destroy the vitamin thiamine in foods. Therefore the use of sulfurdioxide 
as a preservative in meat and meat products has now been prohibited (Adam 
and Moss, 2000). The use of organic acids combined with bacteriocins or other 
natural antimicrobials inhibits the bacterial growth even when used at low 
concentrations (Samelis et al., 2005). The use of acetic, citric, and lactic acids to 
inhibit the growth of L. monocytogenes is well known (Ahamed and Marth, 1989).  
The active agent in sodium nitrite and its antimicrobial activity increases 
with decreasing pH (Adam and Moss, 2000). But many studies have shown that 
nitrites can have carcinogenic effect, so its use is limited. Sodium nitrate (NaNO2)
and sodium chloride (NaCl) are two most frequently used chemicals in the meat 
industry and have exhibited antilisterial attributes. Buchanan et al. (1988) said 
that Sodium nitrite (NaNO2) has the bacteriostatic effect at pH of 6.0 and at 
temperature 5˚C. At a temperature of 20˚C and pH 5.3, 50µg/ml of NaNo2 would 
prevent the growth of L. monocytogenes for up to 21days (McClure et al., 1991). 
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The growth can be completely inhibited with NaCl when combined with other 
chemicals such as sodium lactate (Chen and Shelef, 1991). The combinations of 
NaNO2 and NaCl (120-150 ppm NaNO2 and 3% NaCl) prevent the growth of L. 
monocytogenes in fermented sausages (Johnson et al., 1988; Junttila et al., 
1989). 
Effect of 0.3% sodium propionate (NaP), Potassium sorbate (KS), and 
sodium benzoate (NaB) on the growth of L. monocytogenes was studied by El-
Shenawy and Mart (1988, 1989) and found that the effectiveness of KS, NaP, 
and NaB were increasing with decreasing pH and temperature. And they also 
observed that the growth of L. monocytogenes in a pH range from 5.85 to 6.10 
with 12% salt at the temperature 8 to 30˚C. 6-9 days of shelf life extension was 
observed in cottage cheese made with Microgard which is a fermented and 
pasteurized skim milk-based product containing various anti microbial additives 
such as acetic acid, propionic acid, and proteinaceous inhibitor (Salih et al., 
1990).  
Weak organic acids such as sorbic and benzoic acids are widely used in 
food industries. Incorporation of organic acids into the formulation of RTE 
processed meats may reduce the growth of L. monocytogenes. The growth of L. 
monocytogenes was prevented in vacuum-packaged frankfurters treated with 
0.5% lactic and acetic acid kept at 5˚C for 90 days storage (Palumbo and 
Williams, 1993).  
L. monocytogenes has the ability to grow in high salt concentrations 
(Razavilar and Genigeorgis, 1998). The survival of L. monocytogenes was 
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observed in raw ground beef at pH 5.5 when stored aerobically for 15 days even 
in the presence of additives such as sodium lactate, kappa-carrageenan, sodium 
erythorbate, and combination of sodium alginate/lactic acid/calcium carbonate 
(Harmayani et al., 1993).  
 
1. 5. 2. Sodium lactate 
Consumers prefer safe and nutritionally healthy foods which do not cause 
allergies, infections, diseases and any other health complications. Their demand 
has currently been towards foods which are “natural”, higher in quality, free of 
additives, safe and convenient to use (Rhodehamel, 1992). Hence, it is very 
important to develop natural ingredients having antioxidative and antimicrobial 
properties.  
Sodium lactate is a food additive, and a natural component of muscle 
tissue, and therefore is naturally present in meat. It is permitted by the USDA-
Food Safety and Inspection Service (USDA-FSIS) as a natural preservative and 
the permitted level is 3g/100g of meat (Samelis et al., 2001). Up to 4.8% by 
weight of the total formulation is approved by the FDA in fully cooked meat and 
poultry as a flavoring agent and antimicrobial (FDA, 2000). This is produced 
naturally by microbial fermentation and it is a sodium salt of lactic acid. The main 
advantage of sodium lactate is that it can be used to control the growth of certain 
microorganisms such as Clostridium botulinum and L. monocytogenes during 
storage. It also improves the flavor and processing parameters and extends the 
shelflife of meat products (Choi and Chin, 2003; Bloukas et al., 1997). The 
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addition of sodium lactate delayed the production of toxin by Clostridium 
botulinum in turkey meats (Mass et al., 1989). Lamkey et al. (1991) reported that 
addition of sodium lactate not only inhibited the growth of L. monocytogenes but 
also extended the shelf-life by more than two weeks. Antimicrobial activity of 
sodium lactate is similar to potassium sorbate and sodium benzoate. Sodium 
lactate delayed the lag phase for the growth of L. monocytogenes without 
affecting the quality of sausages (Choi and Chin, 2003). The addition of sodium 
lactate may also improve various quality attributes of meat. It improves color, 
flavor, tenderness, juiciness and cooking yield of beef and other meat and also 
has an inhibitory effect on lipid peroxidation (Sallam and Samejima, 2004). 
Sodium lactate is currently accepted as Generally Recognized as Safe (GRAS) 
for use as an emulsifier, flavor enhancer, flavoring agent, humectant and pH 
control agent at levels not exceeding current good manufacturing practices 
(Brewer et al., 1991). Increased cooking yields were observed with increasing 
sodium lactate level in cooked, vacuum-packaged beef top rounds due to a 
combination of the humectant property of sodium lactate and increased level of 
sodium ions (Papadopoulos et al., 1991). It has no effect on pH, textural 
properties and cooking loss of low-fat frankfurters which are produced with 3% 
sodium lactate (Bloukas et al., 1997). The possible mechanism of sodium lactate 
not only includes lowering the water activity but also other properties such as 
cytoplasmic acidification, specific anionic effect, and chelating action. Sub-
optimum temperatures increase the antimicrobial effects of sodium lactate which 
is useful in controlling the growth of L. monocytogenes at refrigerated 
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temperatures (De Wit and Omboust, 1989). An increase in fat content, decrease 
in moisture content, and/or a decrease in temperature increases the 
effectiveness of sodium lactate against L. monocytogenes. In preventing the 
growth of L. monocytogenes, this property could be very useful in RTE food 
products which are held at refrigeration temperature. In contrast, no significant 
difference was found in low-fat frankfurters treated with and without sodium 
lactate (Hu and Shelef, 1996; Chen and Shelef, 1991).  
 
1. 5. 3. Sodium diacetate 
The concern over negative health effects of food preservatives increases 
pressure on food industry to replace chemically synthesized additives with 
natural ones for assurance of food safety and extension of shelflife. Diacetyl is 
produced by yeasts and lactic acid bacteria and approved as GRAS (Generally 
Recognized as Safe) (Newberne et al., 2000). Among the substances that come 
from microbial origin, diacetyl seems to be harmless because of absence of 
toxicity against humans and animals (Lanciotti et al., 2003). Up to 0.25% by 
weight of the total formulation is approved by the FDA (FDA, 2000).  
Even though the use of 0.2% or higher concentration of sodium diacetate 
suppresses the growth of L. monocytogenes, higher levels of its concentration 
results in unacceptable off-flavors in finished meat and poultry products (Shelef 
and Addala, 1994). However, the use of sodium diacitate in combination with 
lactates increases the antimicrobial activity by reducing the water activity of the 
products. The main antimicrobial ingredients present in this combination are 
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lactic acid and acetic acid (Stekelenburg, 2003). Gram-positive bacteria were 
more resistant whereas Gram-negative and yeasts were sensitive to diacetyl 
(Lanciotti et al., 2003). The effect of diacetyl with nitrite, lactate, or pediocin on 
the viability of L. monocytogenes in turkey slurries was studied by Schlyter et al. 
(1993). According to their study, diacetate at levels of 0.5% at 25ºC or 0.3% at 
4ºC were effective against L. monocytogenes. The different concentrations of 
nitrite, lactate and pediocin were ineffective at 25ºC in controlling the growth of L. 
monocytogenes. But pediocin in combination with 0.5% diacetate, lactate (0.5%), 
diacetate and nitrite with 0.5% diacetate exhibited greatest listericidal activity at 
25ºC. The addition of 2–3% of a solution containing mixtures of 56% potassium 
lactate and 4% of sodium diacetate showed inhibitory action against L. 
monocytogenes and L. sake in the frankfurter-type sausages during storage at 
4ºC. The synergistic effect of potassium lactate and sodium diacetate inhibited 
the development of L. monocytogenes and resulted in an increase in shelflife of 
75-125% in frankfurter type sausages (Stekelenburg, 2003).  
 
1. 5. 4. Sodium acetate 
Sodium acetate has also exhibited an antimicrobial effect against L. 
monocytogenes in a variety of meat and poultry products. Up to 0.25% by weight 
of total formulation is also approved by the FDA (FDA, 2000). An uncured turkey 
product when surface treated with 6% sodium acetate solution and stored for 18 
days at 28ºC showed the inhibition of Clostridium botulinum neurotoxin 
production (Miller et al., 1992).  
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1. 5. 5. Plant essential oils 
Food safety is an increasingly important public health issue. 
Approximately two million people died annually from diarrhoeal disease 
worldwide (WHO, 2002). The meat industry must now use chemicals as 
preservatives and as a means of preventing microorganisms in the food 
products. But consumer demand over food that is free from chemicals and 
microorganisms has prompted an increased interest in more natural 
preservatives. It is very important to find safe effective replacements for chemical 
preservatives. Essential oils are obtained from flowers, buds, seeds, leaves, 
twigs, bark, herbs, wood, fruits and roots. These essential oils are aromatic oily 
liquids. The methods in which we can obtain essential oils are expression, 
fermentation, effleurage, or extraction. But the most commonly used method to 
extract essential oils commercially is steam distillation (Burt, 2004). Essential oils 
have been shown to exhibit antimicrobial, antiviral, antimycotic, antitoxigenic, 
antiparasitic and insecticidal properties (Burt, 2004; Shelef, 1983; Deans and 
Ritchie, 1987; Aureli et al., 1992; Lis-Balchin, 1987; Smith-Palmer, 2001). The 
decrease in the pH of the product increases the effectiveness of essential oils 
(Burt, 2004). The use of sodium lactate together with the essential oil of mustard 
were a most effective combination of preservatives and its effectiveness can be 
further increased by combining with other antimicrobials due to a synergistic 
effect (Lemay et al., 2002). The efficacy of essential plant oils (thyme, clove, 
pimento, rosemary, and sage) as antimicrobial agents against L. monocytogenes 
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was studied in hotdogs by Singh et al. (2003). Their results revealed that no 
particular strains were most susceptible or most resistant to the antimicrobial 
action of the various essential oils. Of the essential oils tested, thyme oil was the 
most inhibitory against all strains of L. monocytogenes. The effectiveness of 
thyme essential oil depends on the amount of the fat present in the product. It 
exhibited antimicrobial activity even at 1ml/l concentration in nonfat hotdogs. The 
increase in fat content has been shown to appreciably decrease the antimicrobial 
activity of thyme essential oil against L. monocytogenes (Smith-Palmer, 2001). 
There is a significant reduction in the population of L. monocytogenes from 0.88 
to 0.99 log10 CFU/g in hotdogs treated with clove essential oil with 1ml/l 
concentration (Singh et al., 2003). The possible mechanism of antimicrobial 
activity of essential oils against microorganisms could be a change in the cell 
membrane structure of microorganisms and causing leakage of nutrients and 
enzymes (Cox et al., 2000). As the concentration of clove essential oil increases, 
there is no significant further reduction in the population of L. monocytogenes.
The main reason for this behavior could be interference of various food 
components with essential oils and protective effect of fat and protein, reduction 
of water availability. The longer the contact time between the microorganisms 
and the essential oils the more it helps to overcome the protection offered to the 
cell wall of microorganism by excess fat present in the hotdogs (Singh et al., 
2003). At the levels of 5 – 20 µl gU1 of eugenol and coriander, clove, oregano and 
thyme oils were found to be effective against L. monocytogenes, but mint and 
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cilantro were not effective in products with high levels of fat (Burt, 2004; Tassou 
et al., 1995; Gill et al., 2002). 
Since the sensory quality of the product is very important, the use of 
essential oils as a preservative and antimicrobial agent is limited. Eventhough, 
these essential oils have more advantage and are recognized as GRAS, some 
essential oils such as eugenol, menthol and thymol are known to cause irritation 
of mouth tissue and some times cause allergies to the people who use them 
more frequently (Burt, 2004). Further food safety studies may be required to find 
out the effective ways to use these essential oils. 
 
1. 6. Smoke flavorings/extracts 
1. 6. 1. Traditional smoking 
The Traditional method of smoking which involves several steps, inhibits 
the spore formation, growth of many bacteria, and fungi as well as viral activity. 
This method involves salting and smoking which results no chance of survival of 
Listeria (Daun, 1979). Cold smoking and hot smoking are two traditional smoking 
methods used mainly in processing of RTE meat products. 
When cod fillets subjected to cold smoking and were inoculated with three 
different levels of L. monocytogenes, there was a very little growth of Listeria in 
fillets inoculated with a low level inoculum (Dillon and Pate, 1993). Usually cold 
smoking is conducted at ≤ 28°C of temperature which provides a favorable 
environment for microbial growth (Dillon and Patel, 1993; Guyer and Jemmi, 
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1991). Where as hot smoking is conducted at above 60° C. Many studies have 
indicated that cold smoked or hot smoked products present a risk for human 
listeriosis (Rorvik, 2000). Some smoking techniques include flue gas smoking in 
which they use traditional kilns. The disadvantage of this flue gas smoking is that 
it generates polyaromatic hydrocarbons (PAH) emissions to air and to water in 
the form of waste water. After processing with this method, the products end up 
with these polyaromatic hydrocarbons, which are carcinogenic compounds. 
Hence, it is not favorable from an environmental point of view (Hattula et al., 
2001). Usually seafoods are traditionally smoked for preservation purposes. 
Smoking of seafoods may be done either by cold smoking or by hot smoking. 
Even though hot smoking should have been a bactericidal process, most of the 
L. monocytogenes contamination was from hot smoked products. It has been 
suggested that post-process contamination could be contributing factor.  
In traditional smoking technique, smoke is generated from the incomplete 
burning of wood which leads to the production of polyaromatic hydrocarbon 
compounds which infiltrates the surface of food products incubated during the 
process (Guillen et al., 2000). Foods produced by hot and cold smoking methods 
do not have bactericidal activity against L. monocytogenes, and therefore such 




1. 6. 2. Commercial smoking 
1. 6. 2. 1. Liquid smoke / purpose of smoking 
The main purpose of smoking meat products with liquid smoke is that it 
not only acts as a coloring and flavoring agent but also it has antibacterial and 
antioxidative properties (Coronado et al., 2002). The various phenolic 
compounds present in liquid smoke lowers the pH and destroys the walls of 
bacterial cells (Pszdzola, 1995). The use of liquid smoke in the production of 
meat products was increased 30% from 1973 to 1976 in the U.S. (Sink and Hsu, 
1978). There are several methods for applying liquid smoke. Liquid smoke can 
be directly added to the meat batter, or dipping the product in to the liquid smoke 
solution, or by spraying the smoke solution over the product. 
Hattula et al. (2001) studied whether a liquid smoke process could replace 
the traditional cold smoking process of rainbow trout fillets or not. They showed 
that liquid smoked fillets were as good as those smoked traditionally and the 
emission of polyaromatic compounds to the environment decreased compared to 
the traditional smoking process. Lipid oxidation of lipids either from meat muscles 
or from animal fat is a large problem causing deterioration of the meat products 
(Allen and Allen, 1981). Lipid oxidation leads to loss of essential fatty acids, fat-
soluble vitamins, and also causes undesirable changes in the flavor, color, 
texture, and functional properties of products (Shahidi, 1994; Addis, 1986; 
Pearson et al., 1983), which finally affects the quality of the product and its 
shelflife (Gray and Pearson, 1994). Many studies have revealed that smoke 
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flavorings also have antioxidant properties. Guillen and Cabo (2004) 
demonstrated that liquid smokes have shown antioxidant activity on the lipids of 
pork adipose tissue and increased the oxidative stability of the samples. 
However, Sink and Hsu (1978), suggested that franks processed with an external 
liquid smoke treatment were less tender, whereas stable color was attributed to 
franks in which liquid smoke was mixed in to the emulsion 
 
1. 6. 2. 2. Composition of smoke 
 Liquid smoke is rich in phenolic compounds but poor in carbonyl 
derivatives, causing changes in cohesiveness, springiness and gumminess of the 
products (Martinez et al., 2004). All palatability properties were significantly 
correlated with phenol content of the smoked product (Sink and Hsu, 1978). The 
possible mechanism could be attributed to the phenolic compounds forming 
hydrogen bonds with water in meat products and influence the water holding 
capacity and springiness. The increase in the water content decreases the 
cohesiveness and hardness of the meat products (Rongrong et al., 1998). 
Another mechanism is the chemical reaction, or interaction between smoke 
constituents such as carbonyl compounds and proteins resulting in a greater 
firmness to meat products (Guillen and Ibargoitia, 1998). Carbonyl compounds 
may have less capacity in establishing hydrogen bonds with water compared to 
phenolic compounds (Martinez et al., 2004). 
 Characterization of the components of salty smoke flavor preparation was 
done by Guillen and Ibargoitia (1996) and concluded that phenol derivatives 
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including syringol and syringol derivatives, guaiacol and guaiacol derivatives 
were the main components responsible for smoke flavor. Smoking of food is one 
of the oldest methods used from 10,000 years. Sensory active components such 
as phenol derivatives, carbonyls, organic acids and their esters, lactones, 
pyrazines, pyrols and furan derivatives are responsible for many of the aromatic 
properties of meat products (Simko, 2002). 
 Phenols present in liquid smoke not only contribute to the color and flavor 
but also have antioxidant and antimicrobial properties (Coronado et al., 2002). 
Alcohols serve as volatile compounds and organic acids have minor preservative 
effect but play an important role in skin formation and protein coagulation on the 
surface of sausages.  Carbonyls are largely responsible for the aroma and flavor 
of smoked meats but hydrocarbons have been shown to be carcinogenic 
(Radecki et al., 1978). 
 
1. 6. 2. 3. Production of smoke 
The yield of smoke, its compositions, and its organoleptic properties are 
influenced by several parameters such as the nature of the wood, the 
temperature of the process, the amount of oxygen present during the smoke 
generation, the moisture content of the wood and the wood particle size (Guillen 
and Ibargoitia, 1996). 
Liquid smoke can be prepared by thermal pyrolysis of hardwood sawdust 
when there is limited access of oxygen (Simko, 2002). Smoke is captured in 
distilled water in an absorption tower and filtered until the proper concentration is 
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reached. The final filtration will be done to remove hydrocarbons (Guillen and 
Ibargoitia, 1996; Guillen and Manzanos, 2002). The obtained aqueous smoke 
flavoring has a gold color and distinctive flavor. Smoke is given off when the 
internal moisture content approaches 0 and temperature rises rapidly to 570 - 
750°F (Simko, 2002). Aqueous smoke flavoring can be prepared by using Vitis 
vinifera L shoots and Fagus sylvatic L wood. Fagus sylvatical L is rich in 
compounds that give smokey flavors whereas Vitis vinifera L shoots are rich in a 
compound that gives sweet, burnt, and pungent flavor (Guillen and Ibargoitia, 
1999). 
1. 6. 2. 4. Inhibitory nature of liquid smoke 
To maintain food safety and increase the shelflife of food products, food 
manufacturers are using different combinations such as salting, smoking, 
vacuum packaging, and storage at chilled temperatures during and after 
processing. 
Smoke extracts/condensates are very active against Gram-positive and 
Gram-negative bacteria (Asita and Campbell, 1990) and have shown some 
antimicrobial effects (Niedziela et al., 1998). The main components in the liquid 
smoke are acids, which act against microorganisms. Phenolic compounds are 
also present and have the highest antimicrobial and flavor activities. Next to 
phenolic acids, the synergistic effect of acetic acid and isoeugenol are believed 
to have activity against L. monocytogenes. Liquid smoke was effective in 
reduction of 99.9% of L. monocytogenes on frankfurters (Messina et al., 1988). 
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At a phenolic concentration of 20 ppm and at 4°C, no growth of L. 
monocytogenes was observed on smoked fish products using liquid smoke 
(Thurette et al., 1998). The minimum inhibitory effect of several commercial 
preparations of smoke wood concentrates against spoilage and pathogenic 
microorganisms was studied by Susen (1998). Based on their study they 
reported that phenols are the main components responsible for the antimicrobial 
activity of smoke and they also reported the predominant components in liquid 
smoke and the type of liquid smoke that play an important role in reducing the 
growth of microorganisms. In many studies it has been shown that liquid smoke 
can also inhibit the growth of molds. Phenolic components in the liquid smoke 
have been shown to be responsible for antifungal properties and inhibited 
aflatoxin formation (Toth and Potthast, 1984; Wendorff et al., 1983). 
 
1. 6. 2. 5. Advantages and disadvantages of liquid smoke 
Smoke flavorings play an important role in the sensory properties of food 
(Guillen and Ibargoitia, 1996). Texture is the most important determinant of 
organoleptic quality of meat products and products with poor texture will often be 
rejected (Schwanke et al., 1996). The interaction between smoke and food 
components might influence the textural properties of smoked meat products. 
Martinez et al. (2004) conducted texture profile analysis of meat products treated 
with commercial liquid smoke flavorings. Of the two commercial liquid smoke 
flavorings tested, one that was lower in carbonyl compounds modified the 
cohesiveness, springiness, and gumminess of the loin, and the hardness, 
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fracturability, and springiness of the bacon. The other liquid smoke flavoring 
which was rich in carbonyl compounds, caused changes in all texture parameters 
of bacon, and springiness and gumminess of the loin and. The components in 
liquid smoke such as formaldehyde, acetic acid, creosote, and high-boiling 
phenols have exhibited bactericidal properties and meats, which are processed 
with smoke, can produce more desirable flavor and color (Messina et al., 1988). 
Since it has several advantages over the traditional smoking methods, the use of 
liquid smoke flavoring is becoming increasingly common in the meat industry 
especially in RTE meat products (Pszczola, 1995).
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Effect of liquid smoke extracts on the shelf life of frankfurters 
 inoculated with Listeria monocytogenes 
 
2. 1. Abstract 
Listeria monocytogenes has been troublesome for many ready-to-eat (RTE) 
meats, including hotdogs, which have had among the highest incidence of 
Listeria contamination among fully-cooked RTE meat products. Our objectives 
were to examine the effect of liquid smoke control of L. monocytogenes on 
hotdogs. Hotdogs were either obtained locally at retail (containing 
lactate/diacetate) or manufactured for us by a local processor without added 
lactate/diacetate. In challenge studies of retail franks containing lactate/diacetate, 
low levels of L. monocytogenes were able to increase to significantly higher 
levels on 5 of 8 brands tested when held at 1.6oC (35oF). Liquid smoke was able 
to reduce and control growth of L. monocytogenes on franks when treated for as 
long as 90 sec and as short as 5 sec versus untreated controls. Effective control 
of L. monocytogenes was also obtained for 10 weeks when dipped for as short 
as 1 sec or when dropped through an atomized mist produced by a pressurized 
spray canister. Hotdogs were also manufactured without lactate/diacetate by a
51
large commercial manufacturer of franks and sprayed with liquid smoke using a 
commercial device as they exited the peeler. When inoculated at 3 different 
levels (101, 102, 103 CFU) with a 4-strain cocktail of L. monocytogenes and 
stored at abuse temperatures of 6oC (43oF), the smoke-treated samples again 
demonstrated effective control of L. monocytogenes relative to untreated control 
samples. The data shows that surface application of liquid smoke extracts by 
dipping or spraying may inhibit the growth of L. monocytogenes on hotdogs 
during shelf life and should facilitate a claim as an Alternative 2, and possibly 
Alternative 1, process for HACCP purposes. 
 
Key Words: L. monocytogenes, liquid smoke, frankfurters, hotdogs, HACCP. 
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2. 2. Introduction 
 L. monocytogenes is a foodborne pathogen that causes listeriosis in humans 
as well as animals (Siegman-Igra et al., 2002). It is a rod-shaped, Gram-positive, 
non-sporeforming, facultatively anaerobic bacterium (Farber and Peterkin, 1991). 
L. monocytogenes can enter host cells and spread both intra- and inter-cellularly, 
resulting in the spread of infection. Groups that are particularly at risk are the 
elderly, the immuno-compromised, pregnant women and their unborn fetuses. 
 L. monocytogenes is widely distributed in nature and has been found on 
decaying vegetation, in soils, animal feces, sewage, silage, water, as well as in 
food processing environments (Jay, 2000). It has the ability to grow on most non-
acid foods. These characteristics offer L. monocytogenes plenty of opportunity to 
enter the food chain and multiply (Adam and Moss, 2002). L. monocytogenes 
can grow over a wide range of temperatures, and even at refrigeration 
temperature, especially if abused. It is more heat-resistant than other 
gastrointestinal foodborne pathogens (i.e., Salmonella, E. coli O157:H7) and can 
survive freezing and drying. In the food industry, a major concern has been 
transmitting the organism through ready-to-eat (RTE) meat products whereby 
consumers are not expected to cook the food prior to consumption.  
 According to the Centers for Disease Control and Prevention (CDC), 76 million 
illnesses, 325,000 hospitalizations, and 5000 deaths occur annually in the U.S. 
due to foodborne diseases. Of that, L. monocytogenes is estimated to be 
responsible for 2500 illnesses and 500 deaths each year (Murphy et al., 2005).  
In a recent outbreak, seven deaths and three stillbirths occurred due to the 
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consumption of L. monocytogenes-contaminated sliced turkey deli meat products 
in the northeast United States resulting in the recall of 27.4 million lbs of fresh 
and frozen RTE poultry products (CDC, 2002). 
 The significance of listeriosis demonstrates that there is a need for controlling 
Listeria in food processing plants especially in those producing RTE products. 
According to USDA-FSIS Directive 10,240.3, products may be placed in 
high/medium or low-risk product categories (Anonymous, 2002). Based on this 
directive, products could be changed from high-risk to low-risk if using a 
postprocess lethality step or antimicrobials to control Listeria. The USDA-FSIS 
Final Rule identified three process category alternatives for manufacturers of 
RTE meat products (Anonymous, 2003a). An Alternative 3 process controlled L. 
monocytogenes by sanitation alone and thereby had the highest level of FSIS 
product testing.  An Alternative 2 process had either a postprocess lethality step 
or antimicrobials in addition to sanitation, and therefore had less product testing 
than an Alternative 3 process. An Alternative 1 process included both a 
postprocess lethality step and ingredients to control L. monocytogenes during 
shelf life in addition to sanitation and therefore, received the least product testing.  
If an ingredient provides for both reduction of L. monocytogenes and control of 
growth during shelf life, it is possible for its use alone to achieve Alternative 1 
status. Due to the incentives provided by the recent directives and final rule (i.e., 
less FSIS testing), efforts are currently being made by industry to identify new 
and emerging processes and antimicrobials that are effective in suppressing or 
eliminating L. monocytogenes on processed meat products.  
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 Traditional smoking of meat and meat products imparts the smokey wood 
flavor to meat by longterm heating in the presence of burning wood chips. The 
advent of liquid smoke condensates has hastened the development of smoke 
flavor on treated meat products and shortened the overall processing time. 
Although the main functions of liquid smoke are to develop aroma, flavor, and 
color, recent work indicates additional attributes such as antioxidant properties 
and inhibition of microorganisms, especially L. monocytogenes (Messina et al., 
1988; Sunen et al., 2003; Coronado et al., 2002). The main advantages of liquid 
smoke are that it can be applied quickly and inexpensively. The purpose of this 
study was to test the efficacy of a commercial liquid smoke condensate as an 
antimicrobial against L. monocytogenes on frankfurters for the purpose of 
achieving a lower risk product category.
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2. 3. Materials and Methods 
2. 3. 1. Bacterial strains. The four strains of L. monocytogenes used in this 
study were Scott A-2 (serotype 4b; clinical isolate), V7-2 (serotype ½a; milk 
isolate), 39-2 (retail hotdog isolate), and 383-2 (ground beef isolate). Cultures 
were transferred twice from frozen stocks stored at -75oC into individual brain 
heart infusion (BHI) broth tubes at 1% inoculum level, and incubated overnight at 
30°C. Overnight cultures were then mixed in equal proportions and 1 ml of mixed 
culture was used for making dilutions in 0.1% buffered peptone water (BPW) to 
obtain specific inoculum levels for various trials. These strains were resistant to 
both streptomycin (100 µg/ml; Sigma Chemical Co., St. Louis, MO) and rifamycin 
S/V (10 µg/ml; Sigma) and plating was performed on tryptic soy agar (TSA; Difco, 
Becton-Dickenson, Franklin Lakes, NJ) containing these antibiotics to exclude 
the detection of indigenous contaminating bacteria from non-sterile food 
products.  
 
2. 3. 2. Smoke extracts. A commercial supplier of liquid smoke condensates 
(Mastertaste, Inc., Monterey, TN) provided the liquid smoke extract (Zesti-BTm)
used in this study.  Zesti-BTm is Zesti-AM2 (cat no. 1042004) that has been 
adjusted to pH 4.2-4.4, contains 3.5-5.6% titratable acidity, and has a specific 
gravity of 1.1-1.2 gm/ml. The smoke extract used in this study is a refined 
fraction; these products have low-to-no smoke flavor based on the product 
selected. Products treated with liquid smoke extracts are generally listed as 
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“smoked” on ingredient labels (Anonymous, 2003b). The extract was stored at 
room temperature and used directly at full strength as received.  
 
2. 3. 3. Sample preparation and treatments. Frankfurters used in this study 
were either purchased locally and contained lactate and/or diacetate, or were 
manufactured for us without lactate/diacetate. For our retail challenge study, 
retail franks from the same product/brand, and of the same use-by date, were 
commingled and rinsed briefly with a liter of chilled sterile water, then bagged, 
inoculated, vacuum-packaged, and stored for periodic shelf life testing.   
 
2. 3. 4. Smoke treatments (Fig. 2). The hotdog brand that allowed high-level 
growth of L. monocytogenes in the retail challenge study was used for testing 
various dip times with liquid smoke extract. Franks were rinsed with sterile water 
and held briefly in a refrigerator before treatment with liquid smoke. In one study, 
hotdogs were dipped for 0 (control), 5, 15, 30, 60, and 90 sec, and placed two 
per bag into vacuum packaging bags. In another study, hotdogs were dipped for 
0 (control), 1 sec, 5 sec, or applied by spray with a pressurized spray canister in 
which franks were dropped through a continuous mist of liquid smoke (Fig. 1A). 
In both studies, bagged samples were inoculated with ~101 CFU of L. 
monocytogenes, vacuum-packaged, stored at 1.7oC (35°F) for 10 weeks and 
plated weekly.   
Franks that were dipped in liquid smoke were allowed to drip dry for 5 min 
in the refrigerator to allow excess liquid smoke to run off to standardize the 
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amount of free liquid entering the packaging bags. Untreated controls were 
dipped in sterile water and held for a similar ‘drip’ period before bagging. After 
bagging (2 per bag), 0.5-1.0 ml of inoculum was added, massaged to distribute, 
and then vacuum-sealed and placed in temperature-controlled refrigerated 
storage at 1.7oC (35oF) for shelf life testing at various weekly intervals.   
 
2. 3. 5. Hotdogs manufactured without lactate and diacetate, sprayed with 
liquid smoke, and challenged with different levels of L. monocytogenes. In 
another study, the effect of liquid smoke against different levels of L. 
monocytogenes was tested. Hotdogs were manufactured for this study without 
lactate and diacetate and sprayed with liquid smoke extract using a commercial 
spraying device as they exited the peeler (Fig. 1b). The manufactured franks 
were packaged in retail packages for transfer to our facility where they were 
stored frozen until used. Upon use, frankfurter samples were transferred to new 
vacuum bags to which 0.5-ml of a 4-strain mixture of L. monocytogenes was 
added at one of three different inoculation levels (101, 102, or 103 CFU). Purge 
from smoke-treated packages was also distributed to the new packages in order 
to minimize loss of smoke extract. Controls were also done at each inoculation 
level without liquid smoke treatment. Sample bags were vacuum-sealed and 
stored at 6.1oC (43°F) for ten weeks to simulate abuse temperature conditions. 
Treatments inoculated with 101 CFU were plated weekly while the other 




2. 3. 6. Microbiological analysis. Before plating, 2-ml of 0.1% BPW was added 
to opened sample packages which were massaged for a few minutes to 
resuspend surface bacteria into the rinse buffer which was then plated. Recovery 
of the rinse buffer was followed by appropriate serial dilutions and either pour-
plated or spiral-plated depending on the level of cells expected. Spiral plating 
was done using the Eddy Jet (IUL Instruments, Cincinnati, OH). Plates were then 
incubated for 48 hrs at 30°C (86oF). Colony counts were obtained using an 
automatic colony counter (IUL Countermat Flash 4.2, IUL Instruments). 
 
2. 3. 7. Statistical analysis. All trails were performed in triplicate replications. 
For most studies different replications were done on separate days with different 
lots of the same product. The collected data from three replicates were subjected 
to one-way repeated measures analysis of variance (RM ANOVA) to determine 
the differences between the different liquid smoke treatments in each period 
using Sigma Stat 3.1 (Systat Software, Inc., Richmond, USA). All pair-wise 
multiple comparisons were done using the Holm-Sidak method.  
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2. 4. Results and Discussion 
When we challenged retail hotdogs that contained lactate and diacetate 
inoculated with a low level of L. monocytogenes (i.e., ~101 CFU) and incubated 
them at 1.7°C (35°F), L. monocytogenes rose to significantly higher levels on 5 of 
8 brands tested, indicating ineffective inhibition of Listeria and demonstrating the 
need for more effective control on such products (Fig. 3). Currently, potassium 
lactate and sodium diacetate are the ‘industry standard’ in chemical 
preservatives that are widely used by the processed meat industry, and 
especially hotdogs. The use of these preservatives allows processors to attain 
Alternative II process category status (or Alternative I if it possesses both lethality 
and growth inhibition). Although levels of lactate/diacetate in the various brands 
weren’t quantified by analytical testing, the main point remains that even low 
levels of added Listeria increased to higher levels under good refrigeration 
conditions.   
The possible reasons for variation in lactate/diacetate between different 
brands of hotdogs that could affects different microbial response are, a) 
difference in functional effects due to hotdog formulation, b) difference in levels 
used by the various manufactures (i. e) use of less lactate, c) use of less 
lactate/diacetate because it effects on flavor. Another explanation could be the 
brief rinse and repackaging in our protocol which could allow for diffusive loss of 
lactate/diacetate at the surface of the hotdogs. However, it is clear that under 
these same handling conditions, Listeria still did not increase significantly on 3 of 
8 brands tested (data not shown). 
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For these reasons, we examined the use of liquid smoke extracts on one 
of the brands that was most permissive for growth of L. monocytogenes in our 
retail challenge study (i.e., Brand A). The liquid smoke extract was effective in 
preventing growth of L. monocytogenes when dipped for 90, 60, 30, or 15 sec in 
the liquid smoke fraction, and even with as short a dip time as 5 sec whereas, 
prolific growth of L. monocytogenes occurred on untreated controls (Fig. 4A). No 
significant differences were observed between treatments dipped for 5, 15, 30, 
60, and 90 secs. However, a significant difference (P<0.05) was observed 
between untreated controls and all smoke treatments in which viable counts were 
reduced below detection limits (Fig. 4A).   
 After these initial results, we were interested in examining even shorter 
treatment times that could be easily applied in the industry. Since a 5 sec dip 
time was effective reducing and preventing outgrowth of L. monocytogenes, we 
proceeded to examine the shortest possible treatment times of 1 sec and spray 
treatments. Effective control of L. monocytogenes was observed for as long as 
10 weeks when using either a 1 sec dip time or a simple spray device to deliver 
the active agent compared to untreated controls (Fig. 4B). Significant differences 
(P<0.05) were observed between controls verses dip or spray treatments but not 
between dip and spray treatments. Hence, reduction or control of the growth of L. 
monocytogenes has been achieved either by dipping or spraying the retail 
hotdogs with liquid smoke that would otherwise allow prodigious growth of L. 
monocytogenes.
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 The effect of liquid smoke was next examined on commercial franks 
manufactured without lactate and diacetate in which the smoke was applied by 
using a commercial spray applicator that would spray hotdogs as they were shot 
out through the peeler apparatus (Fig. 1B). The commercial sprayer uses a 
conical recovery section that catches and re-circulates unused liquid smoke. In 
this study, trials were performed at three different levels of inoculation, each in 
triplicate replications, and using a higher shelf life temperature of 6.1oC (43oF) 
representing abuse storage conditions. However, because of limitations with 
commercial processor downtime, all hotdogs were manufactured during one shift 
and used for the 3 replications. The results showed that with hotdogs inoculated 
at ~101 CFU, L. monocytogenes declined quickly to undetectable levels and 
remained that way for the entire test period (Fig. 5A). At 102 CFU inoculation 
level, the levels slowly declined over a 4 week period and at 103 CFU inoculum 
level, Listeria slowly increased over 10 weeks to only 0.8 log higher than initial 
(high) inoculation levels whereas untreated controls increased by nearly 7 logs 
(Fig. 5B & 4C).   
 Although this study still demonstrated control of L. monocytogenes with liquid 
smoke extracts at abuse temperatures, further investigation of several conditions 
under which this trial was run could render even better results. The level of liquid 
smoke applied to the franks by the commercial sprayer may have been less than 
the treatment received from our manual spray applicator. The commercial peeler 
ejects franks at a much faster rate through the commercially sprayed liquid 
smoke ‘curtain’ than the rate at which we manually dropped franks through our 
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pressurized bottle spray mist (Fig. 1). This could be improved by having franks 
ejected through a longer orifice, requiring passage through several curtains of 
liquid smoke. Also, the hotdogs for this last trial series were manufactured, 
sprayed, and vacuum-packaged at the manufacturer’s facilities from which we 
would later open the packages (smoke-treated and untreated controls) and 
repackage them with the challenge inoculum at our facilities. The hotdogs used 
in Fig. 5 were kept frozen prior to use, indicating that the effectiveness of the 
inhibitory properties of the liquid smoke remained intact over time as you might 
expect some adsorptive dilution of its concentration at the hotdog surface. We 
would also expect that due to some loss of the antimicrobial during transfer from 
the original packaging by re-packaging during the challenge inoculation, as well 
as loss due to adsorptive dilution at the surface, we feel we may have had even 
better results had we used them quickly after manufacture and/or re-inoculated 
them in their original packaging. However the results still demonstrate effective 
control at higher levels of L. monocytogenes than would be expected from typical 
contact contamination. 
Hotdogs are one RTE product category that currently employs widespread 
use of inhibitors throughout the volume mass of product for a problem that is 
largely restricted to the surface via potential contact contamination. We have 
examined the use of surface application of liquid smoke extract to reduce and 
inhibit the growth of L. monocytogenes contamination on RTE frankfurter 
products and feel that the data shows there is merit in consideration of these 
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types of inhibitors towards reducing risk of L. monocytogenes on RTE meat 
products. 
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Figure 1. Spray applicators used in this study. Panel A, home-made setup for spraying liquid smoke extracts onto
samples in our laboratory. Hotdogs were dropped through the spray mist after locking the handle in the spray position.
Panel B, commercial device with 4 nozzles and pump mechanism to re-circulate unused solution. The device was




Hotdogs that showed the highest growth in 
retail hotdog study were used 
 
Drip dry for 5 min 
 
Placed in vacuum bags 
 
1 ml of L. monocytogenes 
( ~101 CFU/ml) 
 
Bags were vacuum sealed 
 
Stored at 1.7°C (35°F) 
 
Plated each week for 10weeks 
 
Dipped for 0 (control), 5, 15, 
30, 60, and 90 sec in liquid 
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Dipped for 0 (control), 1 
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spray canister 
Figure 2. The flow chart of different dipping times as well as the 
spray against the growth of L. monocytogenes on hotdogs with 
low level inoculum 
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Figure 3. Inoculation of 5 retail brands of hotdogs that contain lactate/diacetate with a low-level inoculum
mixture of 4 strains of L. monocytogenes, incubated at 1.7oC (35oF), and tested weekly for L. monocytogenes.
The data represents the means of six replications. Similar testing with 3 additional brands did not show
appreciable growth of L. monocytogenes during the test period.
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Figure 4. Retail hotdogs shown to allow prodigious growth of L. monocytogenes (Brand A) were used to test various
treatment times with Zesti-BTm liquid smoke extract. Panel A, hotdogs dipped for 0 (untreated), 5, 15, 30, 60, and 90
sec in liquid smoke extract, allowed to drip dry, and inoculated with a low level of a 4-strain mixture of L.
monocytogenes. Panel B, same brand of retail hotdogs used in the prior study were again used to examine shorter
treatment time and/or spray application of the liquid smoke extract using a pressurized spray canister. All treatments
were done in triplicate replications. Samples were thoroughly massaged before vacuum packaging to facilitate














































































Figure 5. Treatment of retail hotdogs with liquid smoke extract. Hotdogs were manufactured for this study without lactate
and diacetate and sprayed with liquid smoke extract as they exited the peeler using a commercial spraying device.
Untreated controls and smoke-treated samples were inoculated with 3 different levels of a 4-strain mixture of L.





Effect of liquid smoke extracts in combination with heating  
on the shelf life of RTE meats inoculated with  
Listeria monocytogenes 
 
3. 1. Abstract 
 
Thermal surface pasteurization was examined in combination with liquid 
smoke extracts to reduce and prevent growth of L. monocytogenes during shelf 
life of sensitive RTE meat products. When tested on frankfurters inoculated at 
108 CFU, a liquid smoke extract demonstrated a 0.25-log reduction of L. 
monocytogenes, whereas 1 min in-bag pasteurization (73.9oC/165oF) of 
inoculated franks gave a 2.9 log reduction. However the combination of liquid 
smoke and pasteurization gave a 5.25-log reduction that resulted in no 
detectable Listeria by week 3 when tested weekly for 6 weeks of storage at 10oC
(50oF). In comparison tests, a 1 sec dip in a clear liquid smoke extract with 
reduced smoke flavor gave a 5-log reduction on frankfurters when heated a 
73.9oC (165oF) for 1 min with no recoverable Listeria detected for 10 weeks when 
stored at 10oC (50oF). When a liquid smoke extract was tested in combination 
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with prepackage radiant heat pasteurization of deli turkey chubs using a radiant 
heat oven, grow out of L. monocytogenes was retarded but not prevented. A 
similar study combining liquid smoke treatment with postpackage submersed 
water pasteurization demonstrated a 2-3 log reduction of L. monocytogenes on 
deli turkey chubs with no grow out during 10 weeks of storage at 6.1oC (43oF). 
The data demonstrates that one or more liquid smoke extracts combined with a 
thermal process are capable of providing synergistic reduction of L. 
monocytogenes to achieve a USDA-FSIS Alternative 1 process. 
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3. 2. Introduction 
 
Listeria monocytogenes is a Gram-positive, psychotrophic foodborne 
pathogen that occurs widely in the environment (soil, water, plants), is animal-
associated, and consequently finds its way into food processing environments 
(chillers, drains, floors, equipment, conveyor belts, etc.) (Farber et al., 2000; 
Anonymous, 2003). Consumption of L. monocytogenes-contaminated food may 
lead to serious infection (i.e., listeriosis). Because of the seriousness of infection, 
it has been recognized as an important public health problem in the United 
States. According to the CDC (1999), L. monocytogenes had the second highest 
fatality rate (20%) and hospitalization rate (90%) of all pathogens under 
surveillance in the USA. Those at greater risk of illness were pregnant women, 
newborns, and adults with weakened immune systems. Pregnant women were 
about 20-times more susceptible to listeriosis than typically healthy adults (CDC, 
2003).  
 It is estimated that 2500 illnesses and 500 deaths occur each year in United 
States due to listeriosis (CDC, 2003). In FDA and FSIS risk assessments of L. 
monocytogenes involvement with RTE meats, deli meat posed the highest per 
annum risk of illness and death, followed by hotdogs (i.e., frankfurters, wieners, 
etc) as a moderate public health risk (Anonymous, 2003). The Center for Disease 
Control and Prevention (CDC) reported that a multistate outbreak between 1998 
and 1999, which caused 100 cases and 21 deaths due to contamination of 
hotdogs and deli meats with L. monocytogenes (CDC, 1999). In 2000, 29 cases, 
4 deaths, and 3 miscarriages or stillbirths occurred due to consumption of L. 
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monocytogenes contaminated deli turkey meat (CDC, 2000). More recently, in 
northeastern United States, consumption of sliceable turkey deli meat caused 46 
cases, 7 deaths, and 3 stillbirths or miscarriages (CDC, 2002).  
Several steps have been taken by government regulatory agencies to 
control Listeria and to reduce foodborne contamination by this pathogen. Both 
USDA-FSIS and FDA have adopted ‘zero tolerance’ policies on ready-to-eat 
(RTE) products. USDA-FSIS initiated various incentives (i.e., reduced product 
testing) if companies were to implement microbial interventions that would 
reduce risk and increase safety (i.e., Directive 10,240.3). More recently, FSIS 
published a final rule with 3 ‘Alternatives’ ranging from sanitation alone to control 
L. monocytogenes (Alternative 3), to using postprocess lethality steps or 
antimicrobial ingredients (Alternative 2), or both (Alternative 1) (Zhu et al, 2005).  
 In prior studies, we examined several postprocess lethality steps (pre- and 
post-package pasteurization) that have been accepted by both the RTE 
processed meat industry and USDA-FSIS as microbial interventions for L. 
monocytogenes in deli meats (Muriana references). In additional studies, we also 
examined liquid smoke extracts as a surface treatment to provide reduction and 
control of L. monocytogenes during shelf life studies with frankfurters (Gedela et 
al., 2005). The objective of the present work was to examine the effects of 
combining the long term benefit of surface treatment with liquid smoke together 
with the immediate reduction obtained with postprocess pasteurization to prevent 
product contamination with Listeria monocytogenes.  
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3. 3. Materials and Methods 
3. 3. 1. Bacterial strains. The strains of L. monocytogenes used in this study 
were Scott A-2 (serotype 4b; clinical isolate), V7-2 (serotype ½ a; milk isolate), 
39-2 (retail hotdog isolate), and 383-2 (ground beef isolate). Cultures were 
transferred from frozen stocks stored at -75ºC into individual brain heart infusion 
(BHI) broth tubes at 1% inoculum level, and incubated overnight at 30°C. 
Overnight cultures were then mixed in equal proportions and 1 ml of mixed 
culture was used for making dilutions in 0.1% buffered peptone water (BPW) to 
obtain specific inoculum levels. These strains were resistant to streptomycin (100 
µg/ml; Sigma Chemical Co., St. Louis, MO) and rifamycin S/V (10 µg/ml; Sigma) 
and platings were performed on tryptic soy agar (TSA; Difco, Becton-Dickenson, 
Franklin Lakes, NJ) containing these antibiotics to exclude the detection of 
indigenous bacteria from non-sterile food products.  
 
3. 3. 2. Smoke extracts. A commercial supplier of liquid smoke condensates 
(Mastertaste, Inc., Monterey, TN) provided liquid smoke extracts used in this 
study.  The specifications listed for List-A-smoke (Cat. no. 1040071) were 7.0–
8.0% titratable acidity, 1.014–1.024 specific gravity, pH 2.0–2.5, and 8.44–8.53 
lb/gal density.  Zesti-BTm is Zesti-AM2 (Cat no. 1042004) that had been adjusted 
to pH 4.2-4.4, contained 3.5-5.6% titratable acidity, and had a specific gravity of 
1.1-1.2 gm/ml. The AM3 extract (Cat. no. 4000063) used in this study had a pH 
of 4.1-4.3, 1.095–1.115 specific gravity, and 1.8–2.1% titratable acidity. Liquid 
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smoke extracts are generally listed as “natural liquid smoke flavor” on ingredient 
labels. The extract was stored at room temperature and used directly at full 
strength as received. 
 
3. 3. 3. Pasteurization trials with several liquid smoke extracts. Initial 
postpackage pasteurization trials were performed with retail hotdogs containing 
lactate/diacetate, but which still allowed growth of L. monocytogenes when 
inoculated at even low levels (~101 CFU) (Gedela et al., 2005). To further 
enhance the likelihood of growth of L. monocytogenes on controls, they were 
boiled for ~5 min and then chilled to eliminate indigenous bacteria and/or soluble 
ingredients at the surface. Hotdogs treated with liquid smoke extract were dipped 
for 2 min in either List-A-SmokeTm or Zesti-BTm. Hotdogs for the various 
treatments were placed 2 per bag to which a moderately high level of a 4-strain 
mixture of L. monocytogenes was added (~ 1×107 CFU) and then vacuum-
sealed. Three treatments were chosen for analysis: 1) smoke alone (plus 
inoculum), 2) heat alone (plus inoculum), and 3) smoke and heat (plus inoculum). 
Postpackage pasteurization was done by submersion of packages in hot water at 
73.9oC (165ºF) for 1 min followed by immersion in an ice slurry. All samples were 
held at 10oC (50ºF) for shelf life testing for 4 (List-A-Smoke) or 6 (Zesti-B) weeks. 
Postpackage surface pasteurization of hotdogs was performed using a 50-gal 
(189 liters) steam-injected temperature-controlled circulating water bath (Muriana 
et al., 2002). All trials were performed in triplicate replications. 
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3. 3. 4. Effects of liquid smoke in combination with prepackage 
pasteurization (radiant heat oven). The effect of liquid smoke (Zesti-BTm) was 
examined in combination with prepackage pasteurization on the viability of L. 
monocytogenes during shelflife using RTE turkey products (~2 lb. chubs). 
Samples were given four different treatments, each inoculated with 1 ml (~106
CFU/ml) of a 4-strain mixture of L. monocytogenes that was pipetted onto 
product surface, spread with a gloved finger, and vacuum-packaged before 
shelflife storage. Treatments included: a) controls that were inoculated but not 
treated with smoke extract or heat, b) samples that were smoke-treated by 
dipping turkey chubs in liquid smoke for 1 sec and allowed to drip dry for 5 mins 
before inoculation and packaging, c) samples that were heat treated by passage 
through a radiant heat, and d) samples that were treated by dipping in smoke 
extract, inoculated, heated in a radiant heat oven for 60 sec, vacuum-packaged, 
and stored for shelflife testing. Samples were stored at 6°C (43°F) and plated at 
day zero and every two weeks thereafter for up to 10 weeks.  Packages of turkey 
chubs were opened, followed by addition of 20 ml of 0.1% BPW, massaged 
vigorously, and all liquid was withdrawn for purge/rinse volume determination and 
plating. For prepackage pasteurization a radiant oven (Infrared GrillTm, Unitherm 
Food Systems, Inc., Bristow, OK) was used at a dwell time of 60 sec at high 
power (480 V, 30 Amp) in our food pathogen pilot plant as described previously 
(Gande and Muriana, 2003). 
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3. 3. 5. Effects of liquid smoke extract in combination with postpackage 
pasteurization (hot water immersion). Deli turkey chubs (2-4 lbs) were used 
for evaluation of liquid smoke (Zesti-BTm) in combination with post-package 
pasteurization for inhibition of L. monocytogenes. Post-package surface 
pasteurization of deli turkey was performed using a 50-gal (189 liters) steam-
injected temperature-controlled water bath. Turkey chubs were removed from 
packaging wrap and given different treatments. Smoke application was done by 
dipping the products for 1-sec in liquid smoke and allowed to drip dry for 2-5 min 
and placed in vacuum-packaging bags (heat-only control samples were not 
dipped in smoke extracts). A mixture of 4-strains of L. monocytogenes (~106
CFU) was dribbled onto bagged products and then massaged to distribute the 
inoculum on the samples before vacuum-packaging. A sufficient amount of 
product samples were treated and then held at 6°C (43°F) for shelflife storage 
and weekly testing for 10 weeks. All treatments were inoculated samples that 
included a) no heat or smoke treatment (control #1), b) heating for 60 sec 
(control #2; without smoke treatment), c) smoke alone (control #3), d) smoke plus 
15 sec heating, e) smoke plus 30 sec heating, f) smoke plus 45 sec heating, and 
g) smoke plus 60 sec heating. All heating was done at 200°F/ 93.33°C by 
postpackage pasteurization submersion heating (Muriana et al., 2002). When 
plating samples, products were massaged generously before opening, BPW 
diluent was added to recover cells, and the volume of package purge was 
additionally quantitated for adjustment of counts that may have been diluted by 
the generation of purge during in-bag heating and/or storage.  
79
3. 3. 6. Comparison of postpackage pasteurization effects of Zesti-B vs. 
AM-3. In another series of trials, Zesti-BTm was compared with a colorless and 
reduced-flavor extract (AM-3Tm) using hotdogs produced by a local processor 
without any added lactate/diacetate. These hotdogs were dipped for only 1 sec in 
the liquid smoke extracts and were given four different treatments. Controls were 
inoculated, but not treated with either smoke or heat.  Pasteurization controls 
included franks that were inoculated in-bag, vacuum-packaged, and then heated 
at 73.9oC (165oF) for 1 min. For smoke treatment in combination with 
pasteurization, hotdogs were dipped in Zesti-BTm or AM-3Tm for 1 sec, allowed to 
drip dry, placed in a vacuum bag to which was added 0.5 ml of ~1×105 CFU/ml 
inoculum, vacuum sealed, and then pasteurized for 1 min at 73.9oC (165ºF). 
Pasteurized samples were chilled in an ice slurry for 3-5 min before placing at 
6oC (43oF) for shelf life storage. Hotdog samples were placed 2 per package and 
plated at weekly intervals by adding 2-5 ml of 0.1% BPW diluent for 
resuspending the surface flora. All treatments were done in triplicate replication. 
 
3. 3. 7. Microbiological analysis. After the experiment, the products were kept 
for shelflife study and plated weekly or every two weeks. For sample recovery,, 
either 2- 5 ml (hotdogs) or 20 ml (turkey chubs) of 0.1% BPW was added to 
opened sample packages, massaged for a few minutes to resuspend surface 
bacteria into the rinse buffer, which was then plated. Recovery of the rinse buffer 
was followed by appropriate serial dilutions and either pour plated or spiral 
plated, depending on the expected level or organisms. Spiral plating was done 
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using the Eddy Jet (IUL Instruments, Cincinnati, OH) with prepoured TSA plates 
containing the antibiotics streptomycin (100 ug/ml) and rifamycin (10 ug/ml). 
Plates were then incubated for 48 hrs at 30°C (86oF). Colony counts were 
obtained using an automatic colony counter (IUL COUNTERMAT FLASH 4.2, 
IUL Instruments). 
 
3. 3. 8. Statistical analysis. All trials were performed in triplicate replications.  
For most studies, different replications were done on separate days. Different lots 
of the same product were used when possible. The collected data from three 
replicates were subjected to one-way repeated measures analysis of variance 
(RM ANOVA) to determine the differences between the different treatments using 
Sigma Stat 3.1 (Systat Software, Inc., Richmond, USA). All pair-wise, multiple 
comparisons were done using the Holm-Sidak method.  
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3. 4. Results and Discussion 
 
Post-process contamination of RTE meats with L. monocytogenes has become a 
major concern because of: (i) the ability of L. monocytogenes to grow at 
refrigerated and abuse temperatures, (ii) a history of outbreaks of listeriosis 
linked to RTE meat products, (iii) and the ability of these RTE meat products to 
support the growth of L. monocytogenes. For these reasons, antimicrobial 
chemicals and/or thermal processes have been accepted by USDA-FSIS as 
post-process technologies that can be used to reduce risk and manufacture safer 
products (final rule). We recently demonstrated the effectiveness of several liquid 
smoke extracts in the reduction of L. monocytogenes on hotdogs and deli turkey 
breast (Gedela and Muriana, 2005). In this study, we have examined the 
combined use of liquid smoke extracts and surface pasteurization as postprocess 
steps that could possibly achieve alternative 1 status. 
 
Pasteurization trials with several liquid smoke extracts. In trials with two 
liquid smoke extracts, hotdogs treated with heat alone showed recovery of 
residual levels of L. monocytogenes to levels 3-5 logs higher within a few weeks 
(Fig. 2). When used alone, both smoke extracts demonstrated approximately a 2-
log reduction of Listeria after 4-6 weeks storage (Zesti-B showed 2-log reduction 
after only 1 week; Fig. 2). When combined with inpackage pasteurization, the 
inhibitory effect was exacerbated by heating with both extracts, but especially 
with Zesti-BTm whereby a greater reduction was observed for the combined 
process than from the sum of the individual treatments and no detectable listeria 
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were observed after 2 weeks , demonstrating a >7-log reduction (Fig. 2B). The 
hotdogs used in this series of trials were obtained at retail and contained lactate, 
but were boiled for 5 min and rechilled before use to reduce indigenous flora and 
remove leachable inhibitory ingredients and held at 10oC (50oF) during storage. 
Although these procedures were extreme, the smoke extract was still effective in 
reducing L. monocytogenes to undetectable levels. In subsequent trials, we used 
products that were manufactured without lactate/diacetate and were stored at 
lower abuse temperatures (6.1oC/43oF). 
 
Effects of liquid smoke in combination with prepackage pasteurization 
(radiant heat oven). In prior work, we demonstrated the utility of pre- and post-
package pasteurization of deli meats for reduction of L. monocytogenes (Muriana 
et al., 2002, 2004; Gande and Muriana, 2003). In this study, we have examined 
the effect of liquid smoke extract in combination with radiant-heat pre-package 
surface pasteurization of deli turkey manufactured without lactate/diacetate (Fig. 
3).  L. monocytogenes inoculated in untreated controls grew out immediately and 
in smoke-only treated samples showed a slight (<1-log) reduction before grow 
out occurred whereas in heat-treated samples, alone or in combination with liquid 
smoke, more than a 3–log reduction of surface-inoculated L. monocytogenes 
was initially obtained. However, residual L. monocytogenes in the heat-treated 
samples grew out rapidly and increased by ~3 logs between weeks 1 and 2 while 
samples from the combined (smoke+heat) treatment were delayed nearly 4 
weeks to reach the same level of grow out (Fig. 3). A possible explanation for the 
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growth of this pathogen could be that pre-package pasteurization using radiant 
heat directly heats the products’ exposed surface resulting in a ‘burning off’ of 
some of the active volatile agent (possible volatilization of the volatile attributes of 
liquid smoke exposed to heating) such that recovery of cells not killed by heat 
may occur. In prior studies with pre-package pasteurization alone, we identified 
conditions that could completely eliminate up to 100 CFU of L. monocytogenes 
inoculated onto product surface, but at higher inoculation levels some cells may 
survive the heat treatment (Gande and Muriana, 2003). It is also possible that 
deli turkey may not absorb as much of the liquid smoke product in our 1-sec dip 
treatment that was found to be effective for frankfurters (Fig. 2; Gedela et al., 
2005) and perhaps length of dip treatments should be examined for each 
different class of RTE product. 
 
Effects of liquid smoke extract in combination with postpackage 
pasteurization (hot water immersion). We also examined liquid smoke 
treatment in combination with post-package pasteurization of deli turkey by hot 
water immersion as this process does not subject exposed product surfaces, but 
rather is an in-bag heat treatment and is more consistent with how we heat-
treated frankfurters in our earlier trials (Fig. 2). Again, untreated inoculated 
controls grew immediately while liquid smoke treatment alone resulted in a 1-log 
reduction before grow out occurred (after 2 weeks) and heat treatment alone for 
the maximum heating time used in the combination trials resulted in ~1.3-log 
reduction that also grew out immediately (Fig. 4). However, in contrast to our 
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results with radiant heat pasteurization, almost all of our combination treatments 
(liquid smoke + 30-, 45-, and 60-sec postpackage pasteurization) resulted in >2-
log reduction of L. monocytogenes that was maintained for 10 weeks without 
grow out except for the 15-sec heat treatment which grew out after 8 weeks (Fig. 
4). The results are an improvement over those obtained with liquid smoke/radiant 
heat combination treatments as well as those obtained with postpackage 
pasteurization alone which often requires as much as 2-4 min of submersion heat 
treatment by companies that adopt this process to achieve appreciable reduction 
levels for L. monocytogenes. Unfortunately, the generation of purge is a 
byproduct of prolonged in-bag heat treatment and the data suggests that reduced 
heat treatments may be accommodated by combination processes with liquid 
smoke or other similar-acting antimicrobials (Fig. 4). The heat treatments found 
effective in Fig. 4 are not much more than what can be obtained with an 
extended shrink process. The data presented here is of greater significance 
when considering practical levels (i.e., lower) of L. monocytogenes that might be 
acquired if in-house contamination were to occur. However, the use of low 
inoculum levels has disadvantages of not showing the trend of inhibition that can 
only be observed using higher inoculation levels. 
 
Comparison of postpackage pasteurization effects of Zesti-B vs. AM-3. 
Because of the potential use of antimicrobial liquid smoke extracts on a greater 
range of products than just those in which smoke flavor is preferred or a 
darkened color may not be desirable, we compared the inhibition of the liquid 
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smoke extract used above (Zesti-BTm) with a liquid smoke extract that was 
colorless and had reduced smoke flavor (Am-3Tm). Hotdogs used in this study 
were manufactured without lactate or diacetate and were dipped in either liquid 
smoke extract for 1 sec before being vacuum packaged with added inoculum of 
L. monocytogenes and subjected to 60-sec inbag pasteurization at 73.9oC
(165oF). Untreated inoculated controls grew out immediately during storage while 
heated franks showed a 1.7-log reduction of L. monocytogenes before 
emergence and grow out within 1 week (Fig. 5). However, both liquid smoke 
extracts showed similar listeria reductions observed earlier (Fig. 2B) whereby 
initials levels were reduced to undetectable levels that remained below levels of 
detection for the entire 10 weeks of storage. The difference between the initial 
dramatic reduction observed here (Fig. 5) and the slower decline observed in Fig. 
2B may be explained by the lower inoculation level used (i.e., 105 vs. 107
CFU/ml) and recovered from samples. It is not clear why we obtain such drastic 
reductions with frankfurters as opposed to deli turkey although product type 
and/or size could be suspect causes of the different reactions to the combination 
processes used in our study (i.e., frankfurters vs. 2-4 lb turkey chubs whereby 
the heat process does not penetrate as deep with such an underlying cold sink 
on the larger turkey chubs?).   
 Our data demonstrates the inhibitory effect of liquid smoke on L. 
monocytogenes was enhanced by pre- and post-package pasteurization of RTE 
meat products. Although either process can certainly have utility on their own, the 
data presented herein demonstrates that the combination of heat and liquid 
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smoke extracts may provide for reduced heating regimens that are usually 
observed with individual surface pasteurization processes. The ability to reduce 
and suppress outgrowth of L. monocytogenes suggests that such processes may 
be considered as Alternative 1 processes for USDA-FSIS RTE processed meats. 
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Hotdogs were obtained from 
retail purchasers 
 
Boiled for 5 min 
 
Chilled and allowed to dry 
 
treated with List-A-Smoke or Zesti-B  
(dipped for 120 secs) 
 
Placed in vaccum bags  
 
1 ml of inoculum 
(~ 1×107 CFU) was added 
 
bags were vacuum sealed 
 
postpackage pasteurization  
at 73.9oC (165ºF) for 1 min 
 
chilled and stored at 10ºC / 50ºF (abuse temp.) 
 
plated each week for 4-6 weeks  
 
Figure 1. Diagrammatic representation of evaluation of 2 liquid 
smoke extracts for anti-Listerial activity on hotdogs 
Time (w eeks)
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Figure 2. Evaluation of 2 liquid smoke extracts for anti-Listerial activity on hotdogs. Panel A, hotdogs with either List-a-
SmokeTm alone, heat treatment alone (1 min @ 165oF), or List-a-SmokeTm in combination with heat treatment (1 min @
165oF). Hotdogs were dipped for 2 min in List-a-SmokeTm and dripped dry for 5 min before use. Hotdogs were inoculated
by adding 1 ml of a 4-strain mixture of L. monocytogenes into packaging bags before vacuum-packaging and held at
50oF (abuse temperature) for shelf-life testing. Panel B, same as Panel A except using Zesti-BTm.
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Figure 3. Liquid smoke (Zesti-BTm) in combination with prepackage pasteurization of 2-4 lb deli turkey breasts
manufactured without lactate/diacetate. Deli turkey chubs were immersed for 1-sec in liquid smoke extract,
allowed to drip-dry for 10 sec, and 1-ml of a 4-strain mixture of L. monocytogenes was dribbled over the surface
and spread with a gloved-finger. The products were then heated for 60- sec in a radiant heat oven (~500oF air
temperature) used for prepackage pasteurization of RTE deli meats. All treatments were performed in triplicate
replications and error bars represent standard deviation from the mean.
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Figure 4. Liquid smoke (Zesti-BTm) in combination with post-package pasteurization of deli turkey breast. Deli turkey
chubs were immersed for 1-sec in liquid smoke extract and allowed to drip-dry for 10 sec. Samples were then
bagged, a 4-strain mixture of L. monocytogenes was added, and products were pasteurized at 200ºF for -, 15-, 30-,
45-, and 60-sec, including a 60-sec heat-treatment without smoke extract. All treatments were erformed in triplicate
replications.
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Figure. 5 Effect of Zesti-BTm (brown) vs. AM-3Tm (clear) liquid smoke in combination with heat against Listeria
monocytogenes. Hotdogs treated either with Zesti-BTm along with heat treatment (1 min @ 165ºF), or with AM-3
in combination with heat treatment (1 min @ 165oF). Hotdogs were dipped for 1 sec in liquid smoke (Zesti-B™ or
AM-3Tm), inoculated by adding 0.5-ml of a 4-strain mixture of L. monocytogenes into packaging bags before




EFFECT OF MIONIX AGAINST LISTERIA MONOCYTOGENES 
ON READY-TO-EAT MEATS 
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Treatment of hotdogs with Mionix RTE-01: 
Mionix (Safe2O® RTE-01) used in this study is an antimicrobial composed of a 
mixture of  water, phosphate, lactic acid, and acid calcium sulfate and has a  
boiling point of 104ºC, specific gravity of 1.06-1.1, and pH of <2.0. Mionix RTE-01 
has a post-lethality effect and continues to inhibit microbial growth and extend 
shelflife well after treatment.  
 
Dipping of hotdogs for 30 sec in Mionix RTE-01. Hotdogs used in this study 
were manufactured without lactate and diacetate. Hotdog samples were pre-
inoculated with a 4-strain mixture of L. monocytogenes at a level of 105 CFU/ml 
and dipped in either buffer or RTE-01 for 30 sec and allowed to drip dry for 5-10 
sec, samples were thoroughly massaged before vacuum packaging, and then 
stored at 6°C (43°F) for 10 weeks. Initial samples were tested before (control) 
and after dip treatments (control and experimental) and subsequent samples 
were retrieved weekly or biweekly for shelflife testing. Data points fig. 1 represent 
the mean of triplicate replications and error bars represent standard deviation 
from mean.  There is a significant difference (P< 0.001) between treatments and 
the controls. The results showed that dipping of pre-inoculated samples into 
RTE-01 for 30 sec was very effective.  
 
Examination of shorten dip times. Since the 30 Sec dipping in the Mionix RTE-
01 was very effective in reducing the growth of L. monocytogenes, we have 
started to examine Mionix RTE-01 at shorter dip times than the 30 sec (Fig. 2). In 
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this study, both pre-inoculation (dipped in the inoculum first, and then in RTE-01) 
and post-inoculation (dipped in RTE-01 first and then adding inoculum) was 
performed. When pre-inoculated hotdogs were treated with a high-level inoculum 
(~106 CFU L. monocytogenes) and then dipped in RTE-01 for 0-, 1-, or 5-sec, we 
obtained reductions with all 3 treatments commensurate with the level of 
treatment, and then observed recovery during subsequent shelflife periods. 
Products were sampled at 1 hr, 24 hr, and 1 week and then bi-weekly. The 
results indicate that although the 5-sec dip in RTE-01 gave a >3.5-log reduction 
from the inoculum, recovery occurred within a short time to reach very high 
levels.  
 
The above experiment was repeated with three different inoculation levels, 102,
103, and 104 CFU/ml (Fig. 3) in which hotdogs (without lactate and diacetate) 
were pre-dipped in RTE-01 and then inoculum was added to the bags before 
packaging and followed by shelflife testing at 43oF. By the end of the 10th week, 
the only treatment that was able to prevent the outgrowth of L. monocytogenes 
was a 5-sec treatment which was only effective against the lowest level used. 
 
Time (Weeks)
















Figure 1. Hotdog samples (without lactate and diacetate) were pre-inoculated with a 4-strain mixture of L.
monocytogenes (105 CFU/ml) and dipped in either buffer or RTE-01 for 30 sec and allowed to drip dry for 5-
10 sec, vacuum packaged, and stored at 6°C (43°F) for 10 weeks. Data points fig. 1 represent the mean of
triplicate replications and error bars represent standard deviation of the mean.
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Figure 2. Pre-inoculated hotdogs were treated with high-level inoculum (~106 CFU L. monocytogenes) and
then dipped in RTE-01 for 0-, 1-, or 5-sec, Products were sampled at 1 hr, 24 hr, and 1 week and then bi-
weekly.
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Figure 3. Hotdogs were pre dipped in RTE-01 for 0, 1, and 5 sec and inoculated with three different inoculation levels, 102,
103, and 104 CFU/ml. Then vacuum packaged and kept for shelflife testing at 43oF.
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